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WDM PASSIVE OPTICAL NETWORK WITH BROADCAST OVERLAY 
FTFXD OF INVENTION 

The field of invention relates to fiber optic technology and, more specifically, to 
fiber optic solutions that may include an interface to a passive optical network. 

BACKGROUND OF THE INVENTION 

Three network based services currently penetrate the home market: 1) telephone 
service, 2) cable TV (CATV) service and 3) data service (e.g., internet access service). 
Unfortxinately, at least two different physical connections are typically required to 
realize these services. For example, a twisted pair telephone wire may be used to 
transport telephony and Internet traffic and a CATV cable may be used to transport 
CATV traffic. 

Furthermore, each physical connection is typically coupled to a separate 
network and corresponding service provider. For example, a switched telephone 
network may be managed by a Local Exchange Carrier (LEC) and a CATV network 
may be managed by a CATV company. Internet traffic also typically involves an 
Internet Service Provider (ISP) coupled to the telephone network. The multiple physical 
connections and multiple service providers may be viewed as a redimdant 
iitfrastmcture that results in inefficient overall delivery of the aforementioned services 
to the home. 

In 1995, several major telecom service providers started an initiative to create 
standards for a Full Services Access Network (FSAN) that eliminates these 
inefficiencies. The FSAN specification ITV-T G983 resulted and defined quidelines for 
an ATM-based passive optical network (PON). The PON employs fiber optic 
technology. Fiber optic cables allow high bandwidth over long distances and, therefore, 
serve as an ideal mediimi for delivering integrated voice, data and video services over a 
sizable geographic region, such as a suburban neighborhood commimity. 

The FSAN specification sets forth one architecture referred to as Fiber to the 
Home (FTTH) that uses the PON. Figure 1 illustrates a FTTH architecture as set forth in 
FSAN Specification ITU-T G.983 (hereinafter "FSAN"). Referring to Figure 1, a resource 
sharing PON 103 optically couples an optical line imit (OLT) 101 to multiple optical 
home terminals (OHTs) 106^.^ in or near home total 104,.,^, respectively. In a 
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downstream direction, the OLT 101 interfaces with (for example) a larger network 102 

of a service provider. A single fiber containing all the traffic from the network 102 is 

communicated by OLT 101 to OHTs 106,.^,. using PON 103. That is, the OLT 101 

distributes the services to each of homes 104j.j^, via optical signaling techniques across 

the PON 103. 

Since the PON 103 has a shared media topology (i.e., no active device such as a 
laser or electronic circuit exists within the PON), each of homes 104,,,^, simultaneously 
receive /monitor the "downstream" signals (i.e., signals from the OLT 101 to the homes 
104j.jj). Furthermore, OLT 101 is capable of receiving/monitoring upstream traffic from 
each of the homes 104j.j^ via OHTs 106j_^, respectively. The downstream traffic may be 
implemented with 1.5um light while the upstream traffic is transmitted with 1.3um 
light. 

Together, the PON 103, OLT 105 and OHT 106,^,^ are responsible for converting 
higher level signals (such as, for example, the dialing sequence of an outgoing phone 
call from a^home) into optical signals, transporting them across the PON 103, and 
reconverting the optical signals back into corresponding higher level signals at the other 
end of the PON 103. 

According to the FSAN specification, OLT 101 includes a l.Slpn receiver 130 
and a 1.5|im transmitter 107, each of which is coupled to PON 103. Any of the OHTs 
106j^, such as, for example, OHT 106^, comprises a 1.3|im transmitter 108 and a 1.5pm 
receiver 109. Thus, a system is realized having 1480-1580nm traffic in a downstream 
(i.e., OLT 105 to OHTs IO61.J direction and 1260-1360rLm traffic in an upstream (i.e., 
OHTs 106,.j^ to OLT 101) direction. Since light from the transmitters 107 and 108 travels 
in the PON 103 and since the receivers 109 and 130 respond to light traveling in the 
PON 103, both the transmitters 107 and 108 and the receivers 109 and 130 are optically 
coupled to the PON 103. As such, it may also be said that both the OLT 101 and OHTs 
106,^ are optically coupled to the PON 103, since these devices in each are optically 
coupled to the PON 103. 

The PON-based FTTH architecture specified by in the FSAN uses transceivers 
with comparable power levels in the OHTs 106j^j^ and OLT 101. For the most part, the 
FTTH approach of FSAN distributes the optical link costs evenly between the 
transmission and reception locations. A transmitter's cost is typically measured by the 
maximum optical power it can launch into the optical fiber, while a receiver's "cost is 
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typically measured by the minimum optical power (also referred to as sensitivity) it can 
detect from the optical fiber. A modest distance optical link in the FTTH approach of 
FSAN uses a modest optical launch power transmitter and a modestly receptive 
receiver with the costs being evenly distributed. Therefore, service providers pay the 
same amount in both sides of the link for the OLT and OHTs. As those OLTs and 
OHTs are expensive, it would be desirable to reduce their cost. 

Furthermore, the FSAN approach limits the downstream 1540run signal to a 
single channel which forces the use of a separate connection (or other high overhead) 
for video services. The FSAN specification does not provide for an overlay channel. 
The high overhead associated with the single 1480-1580nm channel approach also raises 
costs where a simple ''broadcast" video channel (i.e., traffic sent only in a downstream 
direction such as basic CATV service) is needed and the use of a second parallel 
network may be required. 

SUMMARY OF THE INVENTION 

A system for communicating via a passive optical network is described. In one 
embodiment, the system includes a pair of optical terminals communicating using a 
passive optical network (PON). A first optical terminal is coupled to the PON and has a 
transceiver that includes a transmitter and a receiver. An amplifier (e.g., EDFA) is also 
coupled to the PON. A second optical terminal is coupled to the PON. The first and 
second optical terminals communicate over the PON using asymmetrical optical power 
levels. The amplifier amplifies information that is to be transmitted on a channel 
overlay ed onto the PON. 

In another embodiment, the optical terminal comprises a transceiver, a receiver 
and a first wavelength division multiplexer (WDM) filter. The transceiver has a 
transmitter, a receiver and a second WDM filter. The first WDM filter is coupled to the 
transceiver and the receiver and interfaces an asymmetric optical link to the traiisceiver. 
The first WDM filter splits the transmission window of the asynmietric optical link to 
the optical terminal into two wavelengths to extract an additional channel for reception 
by the receiver. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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The present invention is illustrated by way of example and not limitation in the 
figures of the accompanying drawings, in which like references indicate similar 
elements, and in which: 

Figiire 1 is a prior art FSAN Fiber To The Home (FTTH) architecture. 

Figure 2 is one embodiment of an asymmetrical fiber optic architecture having a 
broadcast overlay. 

Figure 3 is one embodiment of an Optical Home Terminal (OHT). 

Figure 4 is one embodiment of an optical transceiver module of the OHT of 
Figure 3. 

DETAILED DESCRIPTION 

A system for communicating via a passive optical network (PON) is described. 
In the following description, numerous details are set forth. It will be apparent, 
however, to one skilled in the art, that the present invention may be practiced without 
these specific details. In other instances, well-known structures and devices are shown 
in block diagram form, rather than in detail, in order to avoid obsctuing the present 
invention. 

A system set forth herein includes an optical line terminal (OLT) and one or 
more optical home terminals (OHTs) that transfer information over the PON. As 
described in more detail below, the communication link between the OLT and at least 
one OHT is an asyiiunetric communication link. The system also provides for 
overlaying a channel onto this commurucation lii\k. 

An optical terminal, such as the OHT, is also described in detail. In one 
embodiment, the optical terminal comprises a transceiver, a receiver and a first 
wavelength division multiplexer (WDM) filter. The transceiver has a transmitter, a 
receiver and a second WDM filter. The first WDM filter is coupled to the transceiver 
and the receiver and interfaces commtmications from the PON to the transceiver. The 
first WDM filter splits the transmission window of the PON into two wavelengths to 
extract an additional channel for reception by the receiver. 

Figure 2 illustrates one embodiment of a system architecture. Referring to Figure 
2, the system includes OLT 201 and transmitter 202 optically coupled to passive optical 
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network (PON) 203. Multiple OHTs, such as OHT 206^.^. are optically coupled to PON 
203. In one embodiment, each of OLT 201, transmitter 202 and OHTs 206,.^. are also 
physically coupled to PON 203. OLT 201 provides an interface to a service provider 
sending network-based ser\dces to OHTs 206,.^, located at the home, small office or 
other site. Each of the OHTs 206,.j^ may provide an interface for residential homes for 
receiving network based services to the home. 

The link between the OLT 201 and OHTs 206^.,^ is an asynunetrical 
commimication link. That is, the long distance fiber optic commimication link couples a 
transmitter in OLT 201 having a large optical latmch power into PON 203 which is 
coupled to a low-cost receiver in one or more of OHTs 206i.j^ to detect weak optical 
signals. Therefore, in this case, the transmit end at OLT 201 bears a greater proportion 
of the costs needed to implement the same modest link. This is advantageous because 
the system includes only one OLT for multiple OHTs, and the increase in cost 
associated with the OLT's higher power transmitter (and higher power receiver) is 
more than offset by the decrease in cost of all the OHTs low power transmitters and 
receivers. 

In one embodiment, the attenuation of the link is greater than 30dB. Thus, for 
each wavelength, the transmitter/receiver pair sustains a greater than 30dB optical 
power drop between the transmitter and the receiver that it communicates with (e.g., 
the transmitter in OLT 201 and the receiver in an OHT, such as OHT 206,). A part of the 
greater than 30dB drop stems from the PON 203 which uses a splitter 231 used to 
spread light signals from the OLT 201 transmitter to each of OHTs 206,.^. Various split 
ratios may be used (e.g., 1:256, 1:64, 1:32, 1:2, etc.). Each link budget accounts for the 
optical power loss associated with the specific splitter employed. If higher split ratios 
are used (e.g., 1:64), the distance between the OLT 201 and OHTs 106,.^ should be 
decreased in comparison to links employing lower split ratios (such as 1:32). Thus split 
ratio relates to total distance in a manner that may be transparent to the overall link 
budget. 

In one embodiment, OLT 201 comprises a transmitter 207 and receiver 209. 
Transmitter 207 trai\smits using optical transmission wavelengths of 1475-1485run and 
has a relatively large maximum optical power of +3dBm. Receiver 209 is receptive to 
optical transmission wavelengths of 1260-1360iun and has a less sophisticated 
sensitivity of -29dBm. In one embodiment, receiver 209 comprises a burst receiver. In 
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one embodiment, one or more of OHTs 206,.^. comprises a transmitter 208 and receiver 
230. Transmitter 208 has a relatively low maximum optical power of -7dBm and 
transmits at wavelengths of 1260-1360nm. Receiver 230 has a more sophisticated 
sensitivity of-39dBm and is receptive to optical transmission wavelengths of 1475- 
1485nm. In alternative embodiments, transmitters and /or receivers of optical powers 
different than those specified above may be used. 

In one embodiment, the system is FSAN compliant. The dovmstream link uses a 
spectral window of lOOnm for the 1.5pm. That is, the dovmstream channel may 
comprise Ught between 1480nm and ISSOiim. Similarly, the upstream channel may use 
light for the i.3|im. That is, the upstream channel may comprise light anywhere 
between 1260-1360nm. 

In the system of Figure 2, the system splits the dovmstream channel into two 
channels. In one embodiment, the two channels are between 1475-1485run and between 
1535-1560nm. The extra charmel may be referred to as on overlay charmel. Thus, the 
system conjiprises three channels: a 1260-1360nm upstream, a 1475-1485nm downstream 
and a 1535-1560nm downstream channel. 

In one embodiment, the 1535-1560nm dovmstream channel is used to carry a 
broadcast, such as an analog CATV broadcast, over the PON 203. The channel may be a 
high speed digital channel. Transmitter 202 (e.g., a linearized transmitter module) is 
coupled to an EDFA (Erbium Doped fiber Amplifier) 212, which is coupled to PON 203. 
Transmitter 202 transmits information, using a laser modulator, which EDFA 212 
amplifies. In one embodiment, the results of application by EDFA 212 is an optical 
transmission having +26dBm optical power. Other types of amplifiers may be used. 

In OLT 201, the transceiver formed by transmitter 207 and receiver 209 and 
transmitter 202 interface to PON 203 using wavelength division multiplexing (WDM) 
multiplexer. In an OHT, such as OHT 206,, a receiver 213 receives the optical 
transmission for transmitter 202. In one embodiment, receiver 213 is receptive to optical 
transmission wavelengths of 1535-1560run. 

A broadband backplane is coupled to OLT 201 and organizes or otherwise 
encodes and decodes digital traffic as weU as separates the digital traffic associated with 
each service. 

A Passive Optical Network (PON) is provided that supports bidirectional WDM 
point-to-multipoint transmission. The downstream information is broadcasted on a 
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first wavelength xising Time Division Multiplexing (TDM) cell /packet based routing for 
identification of destination. The upstream information from each network unit is 
carried on a second wavelength using TDM A cell /packet based burst transmission 
mode. A broadcast signal can be overlayed on a third wavelength for point to 
multipoint transmission. 

The techniques and apparatus depicted in and described in conjunction with 
Figure 2 are also applicable to different wavelength schemes (such as ISOOnm upstream 
and ISOOnm downstream). Further still, although this description only refers to specific 
wavelengths, other embodiments comprising different wavelengths may also be used. 

Figure 3 is a block diagram of one embodiment of an OHT 206. Referring to 
Figure 3, an optical connector 324 is coupled to an optical transceiver module 340. The 
optical transceiver module 340 is coupled to a digital network interface 320, an internal 
switch 330 and a power management block 370. Digital network interface 320 is also 
coupled to the power management block 350 and internal switch 330, as well as a line 
interface module 321. Internal switch 330 is also coupled to an analog CATV broadcast 
interface 322. Line interface module 321 is also coupled to power management block 
350 and multiple service providers. 

The optical transceiver module 340 transmits and receives signals to and from 
PON 203, respectively, using optical connector 324. Optical connector 324 may 
comprise a single mode fiber connector. 

In one embodiment, optical transceiver module 340 comprises a wavelength 
division multiplexing (WDM) filter module 350, a receiver 313, a transmitter 308, and a 
receiver 311. Transmitter 308 and receiver 311 form a transceiver that is coupled to 
WDM filter module 350. Receiver 313 is also coupled to WDM filter module 350. 

Transmitter 308 and receiver 311 are coupled to digital network interface 320 and 
operate in combination as an interface for electrical /optical (E/O) and optical/ electrical 
(O/E) conversion between optical digital traffic and electrical digital traffic. 
Transmitter 308 receives optical digital traffic from digital network interface 320 and 
transmits it upstream to OLT 201, via PON 203. Receiver 311 receives optical digital 
traffic from OLT 201, via PON 203, and sends it to digital network interface 320. 

In one embodiment, transceiver 308 is a 1.3 \xin burst transnnitter (that transmits 
using an optical transmission wavelength of 1310nm) and receiver 311 is a 1480nm 
receiver (that receives in a 1480nm window). Transmitter 308 may comprise any light 
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source. In one embodiment, associated with transmitter 308 is a LASER and a 
modulator (also referred to as a driver) for the LASER. Receiver 311 may comprises any 
typically available receiver. Receiver 311 may comprise a burst receiver. In one 
embodiment, receiver 311 is a photodetecting device (e.g., a PIN photodiode, APD, etc.) 
and an amplifier. 

Receiver 313 receives a broadcast or other channel from PON 203 which is 
overlayed onto the asymmetric link between OUT 201 and OHT 206. In one 
embodiment, receiver 313 is a ISSOrun receiver (that receives in a 1550 nm window), 
although receiver 313 may comprises any linear receiver. Receiver 313 may be 
associated with a photodetecting device (e.g., a PIN photodiode, APD, etc.) and an 
amplifier. 

In one embodiment, the broadcast channel overlayed on the asymmetric link 
between OLT 201 and OHT 206 comprises an analog cable television (CATV) channel. 
Receiver 313 provides the received analog broadcast signal to the CATV broadcast 
interface 3?2 via intemal switch 330. Switch 330 controls access to CATV broadcast 
services and is driven by digital network interface 320. Switch 330 is not necessary 
when access to the CATV broadcast service does not need to be controlled. 

Digital network interface 320 is responsible for formatting both upstream and 
downstream digital traffic. In one embodiment, the traffic is all digital traffic except for 
the analog, 1550nm CATV broadcast signal received by receiver 313. The digital traffic 
formatting may include any method suitable for organizing and /or encoding upstream 
digital traffic and also may include any method that successfully reconstructs 
organized /encoded dovmstream digital traffic. In one embodiment, formatting 
methods specified in FSAN are used. 

Furthermore, in one embodiment, digital network interface 320 is responsible for 
separating digital traffic (typically before formatting in the upstream direction and after 
formatting in the dovmstream direction) according to their associated services (e.g., 
telephone/voice and data). 

Line interface modiile 321 is coupled to the digital network interface 320 and 
presents the user of the OHT 206 with the appropriate service interface. Line interface 
module 321 receives the separate voice and data generated by digital network interface 
320. Line interface module 320 includes one or more interfaces. For example, line 
interface module 320 may provide interfaces, which may include, but are not Limited to, 
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those set forth in FSAN. As shown, line interface module 320 provides an interface to 
voice service with a standard plain old telephone system (POTS) interface and also 
presents data service with either a ATM 25 interface and /or lOBase-T interface. 

Further embodiments may provide (in lieu of or in addition to the 
aforementioned voice or data services) EEEE 1394 Firewire and/or CE Bus data 
interfaces as well. 

Power management block 350 provides power, along with power management, 
for various components in OHT 206 in a manner well known in the art. Power 
management block 350 may be coupled to local AC power or one or more batteries. 

Figure 4 illustrates one embodiment of the optical transceiver module 340 of 
OHT 206. Referring to Figure 4, WDM filter module 350 comprises two filters 401 and 
402. These filters are referred to herein as WDM filters. WDM filters 401 and 402 
extract, from the optical connector 324, each of the wavelength dependent channels in 
the downstream direction and launch into the optical cable any wavelength dependent 
channels ir> the upstream direction. 

In one embodiment, WDM filters 401 and 402 comprise interference filters. Filter 
401, in conjimction with receiver 313 extract the dovmstream overlayed channel, which 
is a 1550nm CATV signal in one embodiment. In an embodiment where receiver 313 
comprises a 1550nm PIN photodiode and filter 401 comprises an interference filter, 
downstream light in the 1535-1560 spectrum reflects off of filter 401 and impinges upon 
PIN photodiode of receiver 313 (which responds to light within the 1535-1560nm 
spectrum). Filter 402, in conjunction with receiver 311, extracts the downstream 
1480nm data signal. In an embodiment in which receiver 311 comprises a 1310nm PIN 
photodiode and filter 402 comprises an interference filter, dovmstream light in the 1475- 
1485nm spectrum passes through interference filter 401 but reflects off of interference 
filter 402 and impinges upon the PIN photodiode of receiver 311 (which responds to 
light in the 1475-1485nm spectrum). In this manner, the 1550nm channel is extracted at 
the PDM photodiode of receiver 313 and the 1480 channel is extracted at the PIN 
photodiode of receiver 311. 

In an alternative embodiment, filters 401 and 402 may be implemented using 
integrated waveguide techniques. 

Furthermore, upstream 1300nm light is launched into the WDM filter module 
350, such that it passes through both filters 401 and 402 and into a fiber optic cable via 
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optical connector 324. Thus, the WDM filter module 350 is capable of extracting 
downstream channels while launching upstream channels. One embodiment of the 
specifications for the WDM filter module embodied in Figure 4 is provided in Table 1. 

Table 1 



Operating Temperature 


-40 to +85 °C (Outdoors) 


Back Reflection (1480 nm, 1550 nm) 


-45 dB, max 


Polarization Dependent Loss 


0.5 dB max 


Directivity from the 1310 nm Tx to the 1550 nm Rx: 


-60 dB 


Isolation between 1480 nm and 1550 nm signal: 


30 dB 


Isolation between 1310 nm Tx and 1480 nm Rx: 


30 dB 



The OLT 205 (referring briefly back to Figure 2) has a similar architecture to the 
OHT 206 shown in Figures 3 and 4. Specifically, another WDM filter module extracts 
upstream light from the optical fiber network while launching downstream channels 
into the fiber optical network. 

Whereas many alterations and modifications of the present invention will no 
doubt become apparent to a person of ordinary skill in the art after having read the 
foregoing description, it is to be understood that any particular embodiment shown and 
described by way of illustration is in no way intended to be considered limiting. 
Therefore, references to details of various embodiments are not intended to limit the 
scope of the daims which in themselves recite only those features regarded as essential 
to the invention. 



Thus, an optical terminal for coirmitmicating via a passive optical network has 
been described. 
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What is claimed is: 

1. A system comprising: 

a passive optical network (PON); 

a first optical terminal, coupled to a first end of the PON, having a transceiver 
comprising a first transmitter and a first receiver; 

an amplifier coupled to a second end of the PON; and 

a second optical terminal coupled to the second end of the PON, the first optical 
tenninal and second optical terminal commtmicating over the PON using an 
asjmmetrical optical power levels, and output of the amplifier being a channel that is 
overlayed onto the PON. 

2. The system defined in Claim 1 wherein the first transmitter transmits in a first 
transmit window and the output of amplifier being transmitted in a second window. 

3. The system defined in Claim 1 wherein the amplifier comprises an erbium- 
doped fiber amplifier (EDFA). 

4. The system defined in Claim 1 wherein the first optical terminal further 
comprises: 

a first wavelength division multiplexer (WDM) filter coupled to the first 
transmitter and the first receiver; 
a second receiver; 

a second WDM filter, coupled to the transceiver and the second receiver, for 
interfacing communication over the PON between the transceiver and the second 
optical tenninal and to split a transmission window of the PON into a pair of 
transmission windows to extract an additional channel for reception by the second 
receiver. 

5. The optical terminal defined in Claim 4 wherein the transmission window 
is in an erbium-doped fiber amplifier (EDFA) bandwidth. 

6. The optical terminal defined in Claim 4 wherein the first receiver 
comprises a digital receiver and the second receiver comprises an analog receiver. 

7. The optical terminal defined in Claim 4 wherein the additional channel 
comprises a broadcast channel. 

8. The optical terminal defined in Claim 7 wherein the broadcast channel 
comprises cable television channels. 
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9. The optical terminal defined in Claim 7 wherein the broadcast channel 
comprises a high speed digital channel. 

10. The optical terminal defined in Claim 4 wherein the transmission window 
comprises wavelengths between 1475 and 1560nm. 

11. The optical terminal defined in Claim 4 wherein the transmission window 
comprises a downstream transmission window. 

12. The optimal terminal defined in Claim 4 further comprising: 
a digital network interface coupled to the transceiver; and 

a line interface coupled to the network interface. 

13. The optimal terminal defined in Claim 4 further comprising an optical 
connector coupled to the integrated optical module. 

14. The optical terminal defined in Claim 13 wherein the optical cormector 
comprises a single mode fiber connector. 

15. The optical terminal defined in Claim 4 wherein the second receiver 
comprises a PIN photodiode. 

16. The optical terminal defined in Claim 4 wherein the transmitter comprises 
a LASER and the first receiver comprises a PIN photodiode. 

17. The optical terminal defined in Claim 4 wherein the transmitter transmits 
signals carried at wavelengths between 1260-1360nm, the first receiver detects signals at 
wavelengths from 1475-1485nm, and the second receiver detects signals at wavelengths 
from 1535-1560run. 

18. An optical terminal for communicating via a passive optical network 
(PON), the terminal comprising an integrated optical module having: 

a transceiver comprising both a transmitter and a first receiver coupled to a first 
wavelength division multiplexer (WDM) filter; 
a second receiver; 

a second WDM filter, coupled to the transceiver and the second receiver, for 
interfacing commimication over the PON to the transceiver and to split a transmission 
window of the PON to the optical terminal into a pair of transmission windows to 
extract an additional channel for reception by the second receiver. 

19. The optical terminal defined in Claim 18 wherein the transmission 
window is in an erbium doped fiber amplifier bandwidth. 
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20. The optical terminal defined in Claim 18 wherein the first receiver 
comprises a digital receiver and the second receiver comprises an analog receiver. 

21. The optical terminal defined in Claim 18 wherein the additional channel 
comprises a broadcast channel. 

22. The optical terminal defined in Claim 21 wherein the broadcast channel 
comprises cable television channels. 

23. The optical terminal defined in Claim 21 wherein the broadcast channel 
comprises a high speed digital channel. 

24. The optical terminal defined in Claim 18 wherein the transmission 
window comprises wavelengths between 1475 and 1560nm. 

25. The optical terminal defined in Claim 18 wherein the transmission 
window comprises a downstream transmission window. 

26. The optimal terminal defined in Claim 18 further comprising: 
a digital network interface coupled to the transceiver; and 

a line interface coupled to the network interface. 

27. The optimal terminal defined in Claim 18 further comprising an optical 
connector coupled to the integrated optical module. 

28. The optical terminal defined in Claim 27 wherein the optical connector 
comprises a single mode fiber connector. 

29. The optical terminal defined in Claim 18 wherein the second receiver 
comprises a PIN photodiode. 

30. The optical terminal defined in Claim 18 wherein the transmitter 
comprises a LASER and the first receiver comprises a PIN photodiode. 

31. The optical terminal defined in Claim 18 wherein the transmitter transmits 
signals carried at wavelengths between 1260-1360nm, the first receiver detects signals at 
wavelengths from 1475-1485nm, and the second receiver detects signals at wavelengths 
from 1535-1560nm. 

32. A system comprising: 
a optical line terminal; 

an optical home terminal having a transceiver comprising both a digital 
transmitter and a digital receiver coupled to a first wavelength division multiplexer 
(WDM) filter; 
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a passive optical network (PON) optically coupling optical line terminal and 
optical home terminal, 

wherein the optical home terminal hirther comprises: 
an analog receiver; and 

a second WDM filter, coupled to the transceiver and the analog receiver, 
for interfacing the PON between the optical line terminal and the transceiver and 
to split a transmission window of the PON into a pair of transmission windows 
to extract an additional channel for reception by the analog receiver. 

33. The optical terminal defined in Claim 32 wherein the transmission 
window is in an erbitun doped fiber amplifier bandwidth. 

34. The optical terminal defined in Claim 32 wherein the additional channel 

comprises a broadcast channel. 

35. The optical terminal defined in Claim 34 wherein the broadcast channel 

comprises cable television channels. 

36. , The optical terminal defined in Claim 34 wherein the broadcast channel 
comprises a high speed digital channel. 

37. The optical terminal defined in Claim 32 wherein the transmission 
window comprises wavelengths between 1475 and 1560nm. 

38. The optical terminal defined in Claim 32 wherein the transmission 
window comprises a downstream transnussion window. 

39. The optimal terminal defined in Claim 32 further comprising: 
a digital network interface coupled to the transceiver; and 

a line interface coupled to the network interface. 

40. The optimal terminal defined in Claim 32 further comprising an optical 
connector coupled to the integrated optical module. 

41. The optical terminal defined in Claim 32 wherein the optical connector 
comprises a single mode fiber connector. 

42. The optical terminal defined in Claim 32 wherein the analog receiver 
comprises a PIN photodiode. 

43. The optical terminal defined in Claim 32 wherein the digital transmitter 
comprises a LASER and the digital receiver comprises a PIN photodiode. 

44. The optical terminal defined in Claim 32 wherein the digital transmitter 
transmits signals carried on a wavelengths between 1260-1360nm, the digital receiver 
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detects signals at wavelengths from 1475-1485nin, and the analog receiver detects 
signals at wavelengths from 1535-1560nm- 

45. The system of claim 32 wherein the passive optical network comprises the 

passive 1:N splitter. 

46. The system defined in Claim 32 wherein the passive optical network 
comprises a network of cascaded passive optical splitters. 



<WO 0074278A*,..L> 



15 



wo 00/74278 



PCTAJSOO/13770 



1/4 




JSOOCID: <WO 0074278A1_I_> 



SUBSTITUTE SHEET (RULE 26) 



wo 00/74278 PCTAJSOO/13770 



2/4 




JSOOCID: <WO 0074278At_l_> 



SUBSTtTUTE SHEET (RULE 26) 



wo 00/74278 



PCT/USOO/13770 




wo 00/74278 



PCT/USOO/13770 




SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



Intcmaiinn:!! applicalion Nti. 
PCT/USOO/ 13770 



A. CLASSIFICATION OF SUMECT NLMTtR 
IPC(7) :H04B 10/24; H04J U/02 
US CL * 359/l''5 1 14 

* Inlcmallonal Palcnl Classificalion ftPC) or m both naUonal cbssir.caluMi anJ IPC 



According to I 



a FIELDS SEARCHED ^ 

Minimum documcnlalion searched (classificalion system followed by classincalion symbols) 

U.S. : 359/125. 114 



Documentation searched olhcr than minimrm documcnlalion to 
NONE 



the extent U^at such documents are included in the fields searched 



I Electronic data base consulted during 
EAST, WEST 



the mtcmauonal search (name of daU base and. where practicable, search tcnns used) 



C. doc: 



rUMENTS C:ONSIDERED TO BE RELKVANT 



Category* 



X, P 
Y, P 



Cilalion of document, wiih indicaiion. where approprialc. of the rclcvani p.s.s..i:cs 



US 5,969,836 A (FOLTZER) 19 October 1999, Figs. 4-6, col 6, 
lines 1-67. col. 7, lines 1-67, col. 8, lines 1-67, col. 9, lines 1-67. 



Relcvanl ti) claim No. 



1-9, 11-16, 18-23 
25-30, 32-36, 38 
43, and 45-46 



US 5,694,234 A (DARCIE el al ) 02 December 1997. col. 2, lines 
40-67, cols. 3-8 , lines 1-67. 



10, 17,, 24, 31, 
37, and 44 

1-46 



n Further documcnls arc lisled in .he con.im.a.i»n of Box C. Q Sec palcnl Umily r.nnex. 



*L' 



S|>«cii»I caicfortes ot ciie^ ancumcnii 

document acfiniuF Ui< peneral ^taic of U.c wh.ci, .> m-i cousutcro.i 
to be of pnnictitar rctcvaitce 

«Mier Hocimicm p^hll^ll*.l on or afier t!.c ,xnciu.u,.^u.i\ lihni: 'Ijic 
Joc.,m^.;. wh.ch ...«y ihrow .io..l..» o.t p..o,..y cl..u,M.^. or wiuch ^ 
c.ied lo e^tahlUIi the pnl-hctlon daic ol .-.n-thcr c.t.uuM. or o.hc. 
sijecial rcrtSiiit (s* spcctfiedi 

.iocutiitftU ,cfcritnfi n- a» "fal ,l.«lo.-K.ie. w hil.ii .o.. ,.i other 

means 

^aI fitmc *l.<u- Inn Uiot tUati 



liuc .„.l no, .M conO,c, «-..h li.v ..,..phc,H.on lu.. c.tod -o .nulc,..«...l 
,hv. p...K-,T»lc liK-ory •n..k-.K„.e n.xc.U.on 

.L.o.n.. • ...... ,cnl... ..tc^.n.c .he .Lm....-.! mw-....nn 'j^; 



tU'CtllltOMt t' 

ctmthmo.t XV 



p.t 



,t-.iLii lolc 



HM C^IIIIIOl 

ttoctiiuvn 



..lit- .11 tnoic Kthi-t *Mch .li>t:iiii>vttiv. 
I.. .1 p.ix.i. AilU-.l in ilw 



.K.c.mu-... ...co.hv. ol tlw ,*...nc p...c»l l.nn.U- 



the prior tiy (latecLiini<»i 

Date of the actual cnmplclion of the mler.iaiional sc.irch 
13 JULY 2000 


. -.• .1... i,„.;i| search rcpnri 

_23AUGZO00 


Name and mail in address of the ISA/ US 
Commissioner r ol PattrnU; and Trademarks 
Box PCX 

W.ishington. D C. 20231 
Facsimile No. (703) 305-3230 


AiJihtiri/.cil iitlucr 

HUY vu Q^ytM^ fi/ii^S^ 

Telephone No.^ <703i 305-3900 



Form PCT/ISA/210 (second sheet) (July 1998)* 



<WO 0074278A1„L> 



